Twenty-one samples of Sideritis species (S. scardica, S. raeseri, S. taurica, S. syriaca and S. perfoliata) from various locations on the Balkan Peninsula were evaluated for their chemical constituents. Chemical analyses were focused on secondary metabolites, particularly phenolic compounds, which have several roles in the plant physiological processes and have demonstrated significant health beneficial effects. The occurrence of hydroxycinnamic acids, phenylethanoid glycosides and flavonoids has been investigated in taxonomically related taxa of the genus Sideritis. A systematic method for phenolic compounds identification was developed using tandem mass spectrometry coupled to high performance liquid chromatography with diode array detection. Scanning for precursor ions of commonly found phenolics in Sideritis species using LC/MS n with an ion trap instrument permitted the specific determination of hydroxycinnamic acid derivatives, and phenylethanoid and flavonoid glycosides. Further characterization of each phenolic compound was performed using MS/MS product-ion analysis and commonneutral-loss analysis. This on-line technique allowed identification of three hydroxycinnamic acid derivatives, eight phenylethanoid glycosides, and twenty-four flavonoid glycosides. Principal component analysis (PCA) was performed for the nature and content of the different compounds to be correlated to the particular Sideritis species and also to the locations.
In the Balkan countries, the dried inflorescences of a number of species of Sideritis L. (Lamiaceae) are used to prepare a traditional beverage, the so-called "Mountain tea". In R. Macedonia, these species are called "Sharplaninsкi chaj" or "Planinski chaj" and are widely used as a refreshing herbal tea as well as for treatment of cough, bronchitis, asthma and gastrointestinal disorders.
Several Sideritis species (S. scardica, S. raeseri, S. syriaca, S. taurica) are collected and used under the name "Mountain tea" depending on the geographical region, since this genus is widely spread and includes more than 150 species growing mainly in the Mediterranean area [1] . The taxa of this genus are attributed to three sections: sect.
Sideritis, sect. Empedoclia (Rafin.) Bentham. and sect. Hesiodora Bentham. The species occurring in R. Macedonia belonging to sect. Hesiodora are S. montana L. and S. lanata L., and to sect. Empedoclia: S. scardica Griseb. and S. raeseri Boiss. et Heldr. The last two species are used for preparing the traditional beverage.
S. scardica is a perennial plant with a woody base, endemic for the Balkan Peninsula [2,3a-3c] . Griesebach [3d] was the first who described this taxon of Macedonian origin, on the Shara Mountain as a locus clasicus. Later, the species was found also in other localities in southwest Albania, Greece and Bulgaria. Heywood in Flora Europaea [3a] says that S. raeseri and S. taurica are synonyms of In the present work, phenolic acids, phenylethanoid glycosides and flavonoids from several related Sideritis species from the Balkan Peninsula have been studied, using HPLC coupled to UV-Vis diode array detection and tandem mass spectrometry with an electrospray ionization source (LC/DAD/ESI-MS n ) in order to establish a correlation between the taxonomy, geographical location and presence of the phenolics.
Qualitative analysis of polyphenols in Sideritis samples:
A large number of phenolic compounds was detected in the methanol extracts of the Sideritis species. Their UV spectra suggest that they were mainly acylated derivatives in which ferulic acid and caffeic acid (Table 1) were linked to the phenylethanoid glycosides, whereas acetic acid was linked to the flavonoid glycosides. Furthermore, hydroxycinnamic acid derivatives were also detected, like 5-caffeoylquinic acid, feruloylquinic acid and p-coumaric acid 4-O-glucoside. The content of hydroxycinnamic acid derivatives, phenylethanoid glycosides, flavonoid 7-O-glycosides and acetylated flavonoid 7-O-glycosides were determined in the various Sideritis samples from different regions on the Balkan Peninsula.
Identification of hydroxycinnamic acids:
In some extracts, two peaks were detected with identical UV spectra [1,3a] , characterized by absorption bands at 320-325 nm and 242 nm and by a sharp diagnostic shoulder at 290-300 nm, typical of compounds containing a hydroxycinnamic group (Table 1) [12] .
The chemical structure of compound 1 (5-caffeoylquinic acid) was confirmed by ESI-MS/MS analysis and by comparing its retention time and UV spectra with those found for the standard compound. In fact, its full mass spectrum exhibited an intense [M-H] -ion at m/z 353 in the negative mode, consistent with a caffeoylquinic acid derivative. The molecular ion fragmentation yielded fragment ions corresponding to quinic acid (base peak m/z 191) and caffeic acid (m/z 179) moieties (Table 1) . The deprotonated molecular ion [M-H] -of compound 3 (Table  1 ) was detected at m/z 367. MS 2 analysis showed two main fragment ions at m/z 191 and 173 (quinic acid base peak m/z 191). The first fragment ion corresponding to the base peak was attributable to the ferulic acid group. The compound was, therefore, identified as feruloylquinic acid. The fact that m/z 191 is the base peak led to its identification as 5-O-feruloylquinic acid isomer [13, 14] The UV spectrum and retention time of compound 2 matched that of p-coumaric acid 4-O-glucoside (Table 1 ). In the negative ion mode, it gave a deprotonated molecular ion at m/z 325. In the MS 2 spectra this compound produced an ion at m/z 179 after elimination of a hexose moiety and at m/z 161 after subsequent elimination of water. p-Coumaric acid was previously identified in Sideritis species after alkaline hydrolysis [15] ; this indicates an abundance of p-coumaroyl glucoside. On the other hand, the fragmentation pattern of compound 2, in accordance with the literature, indicates the presence of p-coumaroyl glucoside in the studied samples [16] .
Identification of phenylethanoid glycosides: Compounds 4-11 showed UV-Vis spectra with absorption peaks at 232, 246, 288 and 332 nm and fragmentation patterns characteristic of phenylethanoid glycosides acylated with caffeic and ferulic acid, thus allowing their identification as glycosyl hydroxycinnamic acids (Table 1, Figure 1 ).The deprotonated molecular ion [M-H] -at m/z 785, with a high abundance, was observed in the negative mode for compound 4, which was the same as that of echinacoside ( Compounds 6 and 11 were previously reported in S. oztrukii from Turkey [17] , whereas only verbascoside (6) is recorded for S. scardica, S. syriaca and S. montana from Bulgaria [6e]. Compounds 6, 7, 10 and 11 have been described before in other Lamiaceae species [18, 19] . The fragmentation pathways of all compounds were in accordance with previously reported data from Kirmizibekmez et al. [20] and Han et al. [21] .
Identification of non-acetylated and acetylated flavonoids:
In the last 30 years, several allose-containing flavone glucosides have been characterized. Thus 6'''-acetylated isoscutellarein and hypolaetin allosyl(1→2) glucoside were found in Veronica [22] and Teucrium [23] species and the corresponding acetylated and nonacetylated derivatives were also reported for several Sideritis species [6b, [24] [25] [26] [27] [28] [29] .
Flavonoid glycosides in Sideritis samples can be subdivided into three structurally different groups (Table 1, Figure 2 ): flavonoid-7-O-diglycosides, flavonoid acetylglycosides and acylglycosides. The 8-hydroxyflavone 7-allosyl(1→2)glycosides occur as non-acetylated, monoacetylated and diacetylated derivatives. These compounds show characteristic UV spectra with maxima at 278, 302 and 338 nm in the case of hypolaetin (and B ring methyl ethers) 7-glycosides, and maxima at 278, 308 and a shoulder at 325 nm for isoscutellarein glycosides.
Flavonoid-7-O-diglycosides:
Flavonoid-7-O-allosyl (1→2) glucosides of isoscutellarein, hypolaetin, apigenin and 4'-O-methylisoscutellarein were identified in our samples (Table 1, Figure 2 ). The assignment of sugar substitutions on flavonoid hydroxyls has been carried out ([Y   7 1 ] -) was indicative of 1→2 glycosylation between two sugars. Then, according to the available standard and literature data, these compounds were characterized as flavonoid 7-O-allosyl(1→2)glucosides. Compound 14 showed a molecular ion at m/z 431 and neutral loss of 162 leading to the aglycone ion at m/z 269 indicating the presence of apigenin 7-O-glucoside. The obtained results were in accordance with previous studies focused on the MS analysis of plant species [30] . These compounds have been previously reported in Sideritis species [24, 25, 27] .
Compounds 29 and 30 were characterized as apigenin 7-pcoumaroylglucosides. They were identified by comparing their retention times with those of standards. Flavonoid p-coumaroylglucosides have a characteristic UV spectrum with either a low intensity band II around 270 nm (a maximum in the spectra of monoacylated glycosides) or just a shoulder (in diacylated glycosides), and band I with a broad maximum at 315-325 nm and an inflection at -) was detected indicating the presence of a coumaroyl unit linked to one glucose. These compounds have also been previously reported in Sideritis species [15] . Quantitative analysis of polyphenols in Sideritis samples: Total phenolic contents of 21 Sideritis samples from R. Macedonia and the wider Balkan region were determined as a sum of hydroxycinnamic acid derivatives, phenylethanoid glycosides, flavonoid 7-O-diglycosides and acetylated flavonoid 7-O-diglycosides (Table 2) . A graphical presentation of the content of the four groups of phenolic compounds is presented in Figure 3 . They were quantified using peak areas from UV-DAD chromatograms of each peak measured at the corresponding wavelength where an absorption maximum is exhibited. The total phenolic content for Sideritis species ranged from 36.9 mg/g dry herb (S15) to 174.0 mg/g dry herb (S28).
Hydroxycinnamic acid derivatives content:
The total amount of hydroxycinnamic acid derivatives in Sideritis extracts ranged from 0.8 mg/g dry herb for S1 to 11.7 mg/g dry herb for S28, whereas 5-caffeoylquinic acid was found in all 31 studied Sideritis samples (Table 2) as the most abundant compound from this group. These compounds represent around 3% of total phenolics in all Sideritis extracts, except for samples S25 and S28, where they constitute 7% of total phenolics (Figure 3 ).
Flavonoid 7-O-diglycosides content:
The total amount of flavonoid-7-O-allosyl(1→2)glucosides ranged from 0.5 mg/g dry herb for S2 to 10.6 mg/g dry herb for S12 representing up to 12.7% of total phenolic compounds. The main flavonoid-7-O-allosyl(1→2)glucoside in all studied samples was isoscutellarein 7-O-allosyl(1→2) glucoside (Table 2 ) with a mean contribution of around 50%.
Phenylethanoid glycosides content:
Total content of phenylethanoid glycosides ranged from 21.3 mg/g dry herb for S15 to 90.7 mg/g dry herb for S22 ( Table 2 ). The contribution of phenylethanoid glycosides to total phenols is cc. 50%. Compounds 4 and 5 were detected in all Sideritis samples, representing around 40% of total phenylethanoid content and around 20% of total phenolic compounds.
Flavonoid acetylglycosides content:
The flavonoid acetylglycosides group of components dominated with the highest content, contributing to the total phenolic compounds with approx. 50% ranging from 13.1 mg/g dry herb in S15 to 57.2 mg/g dry herb in S6 (Table 2) . Phenylethanoid glycosides, together with flavonoid acetylglucosides, comprise up to 90% of the total phenolic content. Flavonoid acetylglycosides (24) and (25) were the most abundant components in almost all examined samples. S28 (S. syriaca) possessed the highest phenolic S1  S2  S4  S5  S6  S7  S8 S9 S12 S14 S15 S16 S20 S22 S24 S25 S26 S28 S29 S30 S31 content (174.0 mg/g) followed by S6 (S. raeseri) (154.3 mg/g) and S22 (S. scardica) (150.0 mg/g), which shows that the phenolic content is more dependant on phenotype than genotype.
Principal component analysis:
In order to study the ability of the obtained variables to make distinctions between the Sideritis species studied, principal component analysis (PCA) was carried out, for which standardized experimental data were considered. After the PCA analysis was applied to the data set, six principal components explaining 72.5% of the total variance were obtained. The first factor (PC1) which explained 23.8% of the variance was mainly linked to phenylethanoides [(6), (9), (10) and (11)] and flavonoid monoacetylglycosides [ (24), (25)], whereas the second principal component, which explained 13.4% of the total variance was related to compounds 22, 30, and 32. Because these two factors gave variance less than 40%, the third PCA factor was included, which explained an additional 10.7% of variance and is related to component 23.
The scatterplots of all Sideritis species defined by Factor 1-2 (a) and 1-3 (b) are presented in Figure 4 . The graphs show that the first principal component, PC1, groups the species according to the locality, i.e the first principal component, PC1, discriminates Macedonian species from those from the other places of the Balkan Peninsula. In that way, S28 (S. syriaca from Crete, Greece), S6 (S. raeseri from Galicica Mt., Gjereka, Albania), S22 (S. scardica from Pirin, Bulgaria), S29 (S. perfoliata from Kushadasi, Turkey) are well separated from the others, whereas S12 and S24 (S. raeseri from Jablanica Mt., R. Macedonia, and Llogora Mt., Albania) are grouped as coming from the same region, according to the PC2. There is a well defined group in the middle containing all eight S. scardica samples from R. Macedonia (S1, S2, S4, S5, S9, S14, S16 and S26).
Analysis of the PC1 vs. PC3 graph also emphasizes the grouping of the local samples from R. Macedonia, since all the samples from distant locations seem to be well separated from the local ones, such as the one from Crete (S28), then S6 (Galicica, Albania), S22 (Pirin Mt., Bulgaria), S29 (Kushadasi, Turkey), S30 (Strandza Mt., Bulgaria) and S31 (Adana, Turkey), and S7 (Galicica, Albania) and S8 (Tepelena, Albania). Again, the central group in this graph contains all studied samples of S. scardica, except the one from Pirin Mt., Bulgaria (S22).
These data imply that the variability is much more pronounced in the samples of S. raeseri compared with those of S. scardica since grouping has been obtained only for the latter samples, which has mainly been due to the phenylethanoids and flavonoid monoacetylglycosides.
Chemotaxonomic discussion: The analysis of phenolic compounds ( Plant material: Aerial parts of the flowering plants were collected from the specified locations during July in the summer of 2008. Twenty-one wild growing samples were Extraction of phenolic compounds: Dried aerial parts of plant material were homogenized (Ika Laborteknik, Staufen, Germany) for 30 s. Samples containing 0.2 g of powder (3 replicates from each sample) were extracted with 20 mL 70% methanol at room temperature for 24 h. The supernatant was filtered through a 0.45 μm pore-size polyethersulfone filter (Millipore, Millex-HV 13 mm, France) before analysis.
LC/DAD/ESI-MS n analysis:
Chromatographic separations were carried out on a 150 mm x 4.6 mm, 5 µm XDB-C18 Eclipse column (Agilent, USA). The mobile phase consisted of two solvents: water -formic acid (1%, v/v) (A) and methanol (B). A linear gradient starting with 20% B was installed to reach 80% B at 50 min and 100% B at 60 min. The flow rate was 0.4 mL min -1 and the injection volume 20 µL.
The HPLC system was equipped with an Agilent 1100 series diode array and mass detector in series (Agilent Technologies, Waldbronn, Germany). It consisted of a G1312A binary pump, a G1329A autosampler, a G1379B degasser and G1315D photo-diode array detector, controlled by ChemStation software (Agilent, v.08.03).
Spectral data from all peaks were accumulated in the range 190-600 nm and chromatograms were recorded at 290 and 300 nm for glycosides and acylated derivatives, and at 330 nm for phenylethanoid glycosides and hydroxycinnamic acids.
The mass detector was a G2449A ion-trap mass spectrometer equipped with an electrospray ionisation (ESI) system and controlled by LCMSD software (Agilent, v.6.1.). Nitrogen was used as nebulising gas at a pressure of 65 psi and the flow was adjusted to 12 L min -1 . The heated capillary and the voltage were maintained at 325 o C and 4 kV, respectively. MS data were acquired in the negative ionization mode. The scan covered the mass range from m/z 100-1200. Collision-induced fragmentation experiments were performed in the ion trap using helium as collision gas, with a voltage ramping cycle from 0.3 up to 2 V. Maximum accumulation time of ion trap and the number of MS repetitions to obtain the MS average spectra were set at 300 ms and 5, respectively.
Phenolics identification and quantification:
The identification and peak assignment of all phenolic compounds was based on comparison of their retention times, UV and MS data to those of standards and published data. Hydroxycinnamic acids were quantified using 5-caffeoylquinic acid as external standard at 330 nm; phenylethanoid glycosides were quantified and expressed as verbascoside equivalents at 330 nm; hypolaetin, luteolin and chryseriol glucosides were quantified with 4'-O-methylhypolaetin 7-O-[6′′′-O-acetyl]-allosyl(1→2) glucoside at 290 nm; apigenin and isoscutellarein glucosides were quantified and expressed as isoscutellarein 7-O-[6′′′-O-acetyl]-allosyl(1→2)glucoside equivalents at 300 nm. Each sample was analyzed in triplicate. The stock solutions of phenolic standards were prepared in 70% methanol to a concentration of 1000 µg/mL. The corresponding calibration curves were constructed with 5 dilutions of the stock solutions.
Statistical analysis: Statistical treatment including calculations of means and standard deviations were performed applying Excel (Microsoft Office, 2003). Principal Component analysis was performed using the PC software package TANAGRA 1.4.28 (Lyon, France). Statistical significance was set at P < 0.01.
